The ability to attribute independent mental states (e.g. opinions, perceptions, beliefs) to oneself and others is termed Theory of Mind (ToM). Previous studies investigating ToM usually employed verbal paradigms and functional neuroimaging methods. Here, we studied oscillatory responses in the electroencephalogram (EEG) in a non-verbal social cognition task.
Introduction
The ability to attribute independent mental states such as opinions, perceptions, beliefs and attitudes to oneself and others forms the basis for the prediction and explanation of human behavior. It can thus be considered a key ability allowing humans to understand their social environment. These "mind-reading" capacities (Baron-Cohen, 1995) are often subsumed under the term "Theory of Mind" (ToM, Premack and Woodruff, 1978) and a distinct neuronal system has been suggested to underlie them (Baron-Cohen, 1994) . During the last two decades, the question of whether and where one could localize the neuronal underpinnings of the ability to "read" other people's minds has stimulated considerable research activity. The majority of these studies has made use of functional imaging techniques providing converging evidence that the anterior paracingulate or medial prefrontal cortex (mPFC), the superior temporal sulci (STS) as well as the temporal poles (bilaterally) are regions involved in ToM-related processes (see e.g. Gallagher and Frith, 2003; see Schurz et al. (2014) for meta-analysis). In line with this, children with autism spectrum disorders (ASD) show abnormalities in the activity of the mPFC, the STS and the amygdaloid complex amongst other regions (see Siegal and Varley (2002) 
for review).
Research has made use of a variety of different paradigms to study ToM processes. Roughly, we can distinguish between two major categories, namely verbal and non-verbal tasks. Tasks employed in the former category usually require participants to e.g. read lists of words (Baron-Cohen et al., 1994) or read and understand stories (Fletcher et al., 1995; Gallagher et al., 2000; Happé et al., 1996) . The latter category, in contrast, uses non-verbal stimulus material such as cartoons (Brunet et al., 2000; Gallagher et al., 2000; Pineda and Hecht, 2009) . It has been demonstrated that irrespective of the modality of the stimulus material (i.e. verbal vs. non-verbal) , the same brain regions are activated (Brunet et al., 2000; Gallagher et al., 2000; Kobayashi et al., 2007) . However, despite many of these tasks not requiring verbal responses, they still need participants to understand and follow verbal instructions and to behaviorally indicate their choice.
In 2000, Castelli et al. introduced another paradigm, which could circumvent those limitations. Specifically, Castelli et al. (2000) studied brain activation in response to the presentation of short non-verbal videos (also known as Frith-Happé stimuli) designed to evoke attributions of goals and mental states by their kinetic properties alone. Heider and Simmel (1944) had already shown earlier that even contingent movements of simple geometric shapes could evoke mental state attributions, which were later found to be independent from the stimuli themselves (Berry et al., 1992; Berry and Springer, 1993) . The videos employed by Castelli et al. (2000) comprised three different categories of animations: Theory of Mind (ToM), goal-directed (GD) and random (R). In the ToM condition, the behavior of two triangles was designed to evoke attributions of complex mental states (i.e. persuading, mocking, surprising) while in GD animations, triangles behaved in a simple, purposeful way, where one triangle's behavior determined the other's (i.e. dancing, chasing, following). In the R condition, triangles moved without any interaction or purpose (i.e. like billiards balls, drifting). Results from another study by Abell et al. (2000) supported the validity of this kind of animations. In their positron emission tomography (PET) study, Castelli et al. (2000) were able to show that regional cerebral blood flow (rCBF) was increased for ToM compared to R videos in four regions (temporoparietal junction, basal temporal region, extrastriate gyrus and mPFC) while the GD condition was characterized by intermediate rCBF (i.e. decreased rCBF compared to ToM videos and increased rCBF compared to R videos). Going beyond these findings, results from studies using similar stimuli suggest that the perception and understanding of social (ToM and GD) vs. nonpurposeful mechanical (R) movements, in part, involves distinct neural networks (Blakemore et al., 2003; Martin and Weisberg, 2003) .
We propose that the paradigm introduced by Castelli et al. (2000) is truly non-verbal in the sense that it does not even require participants to attend to task instructions, but merely to fixate and watch. In our opinion, this renders the paradigm highly attractive for research involving e.g. prelingual children as well as non-communicative clinical populations such as disorder of consciousness (DOC) patients, who often have impaired verbal and motor abilities.
Besides these aspects, we propose that investigating oscillatory changes in the EEG holds valuable advantages. First, there is a sound body of research supporting a functional interpretation of these changes linking oscillatory activity to basic cognitive processes (Başar et al., 2001a (Başar et al., , 2001b Fingelkurts and Fingelkurts, 2010; Klimesch, 1999b) . Thus, this approach promises insight into differences in basic cognitive processes involved in the processing of videos varying with regard to the complexity of social interactions. Interestingly, just recently Schaafsma et al. (2015) argued for a reformulation of the ToM concept through a systematic deconstruction into basic component processes (e.g. perceptual discrimination and categorization of stimuli and executive processes). According to the authors, this deconstruction should then be followed by a hierarchical reconstruction and eventually result in a scientifically traceable concept. From this perspective, investigating oscillatory EEG activity with a well-established paradigm could provide insight into the basic cognitive processes involved in ToM and social cognition more generally. Besides these aspects, EEG measurements are often easier to perform than imaging studies, as for example measurements are not precluded by ferromagnetic material in the participant's body or other (medical) equipment. Moreover, the noisy and narrow scanner environment, which is potentially scaring, is circumvented.
To the best of our knowledge, there, however, is no study investigating oscillatory changes induced by the Frith-Happé stimuli. The present study, therefore, investigates EEG effects of social cognition processes adopting six of the videos: two Theory of Mind (ToM), two goal-directed (GD) and two random (R) videos. These stimuli are thought to differ with regard to the complexity of the social cognitive processes they evoke. Complexity here denotes the amount of information that needs to be integrated in order to understand the videos' content. Specifically, R videos only require participants to observe movements (i.e. physical knowledge) while GD videos additionally require the integration of their interpretation (i.e. goal knowledge). ToM videos as the most complex video category, additionally, require the integration of mental state knowledge.
"Social cognition" is an umbrella term for cognitive processes underlying interactions among conspecifics (i.e. other members of the same species). Specifically, it describes those processes that subserve the highly complex, variable and flexible social behaviors seen in humans (e.g. Adolphs, 1999) . Despite the complexity of these behaviors, they can be broken down into basic cognitive processes such as attention and memory-related processes. Recently, a series of three publications investigated the relationship between basic cognitive processes and the observation of the Frith-Happé stimuli by means of eye-tracking measures (Klein et al., 2009; Roux et al., 2012; Zwickel et al., 2011) . Specifically, Klein et al. (2009) found that greater complexity of the social interactions was correlated with longer fixation duration, which indicates deeper and more extensive processing. At the same time, greater processing depth has been shown to involve more processing resources, i.e. attention and working memory resources (Eysenck and Eysenck, 1979; Griffith, 1976; Johnston and Heinz, 1978) . Zwickel et al. (2011) replicated Klein et al.'s findings and, moreover, showed that the time the participants' eye gaze fell within the triangles was longer for ToM than for R videos with GD videos being linked to intermediate durations. This was interpreted as an indicator of how much importance participants attributed to the triangles' behavior and suggests that more attention was allocated to more complex triangle interactions. However, measures of fixation duration may be confounded by kinematic properties of the videos, wherefore Roux et al. (2012) used another eye-tracking measure. From their results, they concluded that animate motion in GD and ToM videos captures more attention than the triangles' behavior in the R videos irrespective of kinematic confounds.
On the other hand, links between oscillatory changes in the lower frequency range (frontal theta ERS and parietal alpha ERD) and cognitive processes related to memory and especially attention are well-established (Başar et al., 2000; Deiber et al., 2009; Klimesch, 1997 Klimesch, , 1999a Missonnier et al., 2006a; Ray and Cole, 1985; Sauseng et al., 2007; Weiss et al., 2000) . Moreover, theta oscillations seem to be related to excitatory processes whereas alpha has repeatedly been linked to inhibitory processes (Jensen and Mazaheri, 2010; Klimesch, 1999a; Klimesch et al., 2007 Klimesch et al., , 2004 Mazaheri et al., 2009) . We reason that more complex stimuli require more complex integration processes, which also affects basic cognitive processes. These processes are, in turn, mirrored by oscillatory changes in different frequency bands (Fingelkurts and Fingelkurts, 2010) . We therefore expected theta ERS and alpha ERD to vary as a function of social interaction complexity (i.e. theta synchronization for ToM 4GD 4R and alpha desynchronization for ToM 4GD4 R) with theta reflecting the attentional and memory demand and alpha rather reflecting inhibition of task-irrelevant processes. Also, oscillatory activity in the gamma band has been found to be related to attention and working memory (Howard et al., 2003; Jensen et al., 2007; Müller et al., 2000; Tiitinen et al., 1993) and it has moreover been linked to the binding of stimulus features into a whole or "Gestalt" (Kaiser and Lutzenberger, 2003; Pulvermüller et al., 1995) . We therefore hypothesized that also gamma ERS would vary with video complexity (i.e. synchronization for ToM 4GD 4R). Regarding the beta band, several studies have linked an increase in power to higher working memory load or performance (Gola et al., 2012; Michels et al., 2010; Missonnier et al., 2007) . Thus, also beta ERS was expected to differ accordingly between the three video conditions (i.e. synchronization for ToM 4GD4 R).
In conclusion, the goal of the current study was twofold. First, we wanted to shed light on the basic cognitive processes involved in social cognitive processes of different complexities. Second, we aimed at exploring the suitability of the non-verbal Frith-Happé animations for the assessment of social cognition processes among groups not able to express themselves verbally.
Methods and materials

Participants
Data were collected from 37 healthy individuals (14 males, 23 females) with a mean age of 26.9 (SD ¼ 79.8) years. All participants had normal or corrected-to normal vision and did not report psychiatric or neurological disorders. They were not allowed to take medication, which could have affected their EEG activity. Participants received either course credit or a remuneration of €10 for their participation in the experiment. We excluded one participant from subsequent data analyses due to abnormal EEG power values. All participants provided written informed consent and the experiment complied with the ethical principles of the World Medical Association (WMA) (1964).
Stimulus material
The stimulus material was adopted from an earlier study by Castelli et al. (2000) . It consisted of six short animated video sequences, each of which was 20 s long and presented at a vertical visual angle of 7.8°and a horizontal visual angle of 10.3°on black background. In each video, a small blue triangle and a larger red triangle moved within the boundaries of an outlined frame. In three of the videos ("surprise", "leading" and "star") there was an additional dark blue box in the center of the screen. The six videos differed regarding the complexity of the "social" interactions the two triangles engaged in. Two videos always had the same degree of complexity and were thus grouped into one condition, a procedure that has been proven to be valid and useful in several earlier studies (e.g. Abell et al., 2000; Castelli et al., 2000; Klein et al., 2009; Zwickel et al., 2011) . In the "random" condition (R), triangles moved randomly without interacting with each other. This condition comprised one video in which the triangles bounced off the walls ("billiards") and another in which each of them moved in a star-like manner around a blue box ("star"). In the "goal-directed" condition (GD) the triangles' movements were purposeful. In one video, one triangle led the other first around and then into a blue box ("leading"), in the other the triangles were fighting ("fighting"). The "Theory of Mind" condition (ToM) was the most complex as interactions between the triangles involved one triangle's assumptions about the other's mental state as well as behavior designed to influence the other's "mental state" -and hence a Theory of Mind. This is, in one video one triangle mocked the other ("mocking") by following it closely and whenever the triangle being mocked turned around, the other triangle would stop and turn into a different direction as if it wanted to say "wasn't me". In the second ToM video, one triangle hid from the other at first and eventually surprised it ("surprise").
Experimental procedure
Upon arrival, participants were familiarized with the laboratory setting. They were seated at a distance of 120 cm from the computer screen (75 Hz refresh rate) and instructed to attentively watch the videos. During the experiment, each of the six videos was presented three times in randomized order while the same video was never presented twice in a row (see Fig. 1 ). The videos were separated by interstimulus intervals (ISI) of 5 s during which participants saw a white fixation cross on black background. Presentation s software (Neurobehavioral Systems, Inc., Berkeley, California, USA) was used for stimulus delivery.
Electrophysiological data collection and reduction
EEG was recorded using a 64-channel BrainAmp amplifier (BrainProducts GmbH, Gilching, Germany). 60 Ag-AgCl electrodes were mounted according to the extended international 10-20 system (Jasper, 1958) using an EasyCap (EASYCAP GmbH, Herrsching, Germany). Impedances were kept below 10 kΩ and the sampling rate during recording was 1000 Hz. To control for eye movements, two bipolar electrooculogram (EOG)-channels were mounted for vertical and horizontal EOG.
BrainVision Analyzer2 software (BrainProducts GmbH, Gilching, Germany) was used for data preprocessing. Preceding further transformations, the EEG signal was downsampled to 500 Hz. Online, EEG-signals were referenced to the nose and later (offline) rereferenced to digitally averaged ([A1þA2]/2) earlobes. Offline, the signal was low-pass filtered at 70 Hz (infinite impulse response (IIR) filter with a slope of 48 dB/oct) as well as a 50 Hz notch filter. Ocular artifacts were corrected using the semiautomatic ocular correction ICA implemented in the Analyzer2 software. Remaining artifacts were excluded manually during visual signal inspection. Artifact-free data obtained during stimulation (i.e. 20 s during each video presentation) and baseline interval (i.e. 500-5000 ms relative to the onset of the fixation cross) were then partitioned into segments of 2800 ms. Segments were chosen to overlap by 400 ms at each end yielding a total overlap of 800 ms. This procedure allowed to discard overlapping time windows containing on-and offset effects of the subsequent wavelet transformation without losing data.
Task-related de-/synchronization (TRD/TRS)
Changes in EEG oscillations elicited by the videos were evaluated by means of synchronization and desynchronization (Niedermeyer and Lopes da Silva, 1999) in the theta, alpha, beta and gamma bands. As oscillatory changes were analyzed over longer periods during the presentation of videos, we will refer to these changes as task-related (TRS/TRD) rather than the more common terms eventrelated de-/synchronization (ERS/ERD) hereafter.
For spectral time-frequency analyses, complex Morlet wavelet transformations were applied to the individual segments. We calculated relative wavelet power values for frequencies between 1 and 70 Hz (c¼ 8, 1 Hz frequency steps for each segment). Subsequently, the wavelet-transformed stimulation segments were averaged separately for each video across all three video presentations. Baseline segments were averaged across all trials (resulting in one baseline value). Power values were then exported for further processing in MATLAB (MathWorks, Natick, Massachusetts, USA) and statistical analyses were conducted using IBM SPSS Statistics 22. Stimulation and baseline power values were extracted from 2000 ms time windows (from 400 to 2400 ms relative to total segment length). We then calculated task-related de-/synchronization (TRD/TRS) values reflecting the change in power during a test interval (i.e. video presentation) relative to a reference (i.e. baseline) interval (here 4.5 s with fixation cross) (Pfurtscheller and Aranibar, 1977) . Calculations were based on the modified formula by Pfurtscheller and Lopes da Silva (1999) with positive values indicating synchronization and negative values indicating desynchronization: TRD/TRS% ¼[(testÀ reference power)/reference power] Â 100.
We investigated TRD/TRS in the theta (4-6 Hz, filter borders 3.58-6.63 Hz), alpha (8-12 Hz, filter borders 7.17-13.25 Hz), beta (15-22 Hz, filter borders 13.55-24.29 Hz) and gamma (25-45 Hz, filter borders 22.4-49.59 Hz) bands of the EEG. Generally, effects were strongest close to midline electrodes. Theta TRD/TRS was analyzed at electrodes F1, Fz and F2 and alpha TRD/TRS at P1, Pz and P2. Selection of electrodes was in line with the practice in other publications, which analyzed theta and alpha activity above frontal (see e.g. Fellinger et al., 2011; Missonnier et al., 2006a; Sauseng et al., 2007) and more parietal regions (see e.g. Klimesch, 1999a) , respectively. Beta TRD/TRS was analyzed at electrodes P1, Pz and P2 as an indicator of working memory load (see e.g. Missonnier et al., 2007) and gamma TRD/TRS at electrodes TP7, CP5, CP6 and TP8 in the region of the temporoparietal junction (TPJ, Santiesteban et al., 2012) , which has repeatedly been found to be involved in social cognition and ToM processes. Activity at these electrodes was pooled for statistical analyses.
Online study
An additional (post-hoc) online study with 42 participants was conducted to acquire data, which could add to the interpretation of our results. The study was realized with the Unipark software (www.unipark.info) and participants simply saw each video once. The order of them was randomized. After each video, they were asked to give a written description of what they had seen. The descriptions were later recoded into numeric values reflecting (i) the degree of intentionality that the participants had ascribed to the triangle's behavior (for scoring criteria see Castelli et al. (2000, Appendix 2) ). Moreover, participants were asked to rate on Likert scales (ii) how difficult it was to understand the interactions (ranging from 0 ¼"not at all difficult" to 5 ¼"very difficult"), (iii) their subjective certainty about the correctness of the interaction description (ranging from 0 ¼"not at all certain" to 4 ¼"absolutely certain") and (iv) the time point at which they felt they recognized what the video was about (1 ¼"not at all recognized", 2¼"at the beginning", 3¼ "after about half of the video", 4¼ "at the end").
Statistical analyses
For the EEG data, two univariate repeated measures ANOVAs were calculated for each frequency band. The behavioral data from the online study were analyzed with non-parametric Friedman ANOVAs as the ratings were not interval-scaled. For both data sets, a first ANOVA compared the averaged values from each CONDI-TION, i.e. random (R) vs. goal-directed (GD) vs. Theory of Mind (ToM). The second ANOVA compared the values of each individual VIDEO, i.e. "mocking" (ToM) vs. "surprise" (ToM) vs. "fighting" (GD) vs. "leading" (GD) vs. "billiards" (R) vs. "star" (R). Where applicable, significant main effects we further analyzed with onesided (a priori hypotheses existed) post-hoc t-tests (EEG data) or non-parametric Wilcoxon tests (behavioral data).
Results were evaluated using p-values corrected for multiple comparisons using the False Discovery Rate (FDR) method according to Benjamini and Hochberg (1995) . Results significant at a level of p¼ .05 and p¼ .1 are denoted significant and marginally significant, respectively. Greenhouse-Geisser corrected p-values are reported along with uncorrected degrees of freedom where Mauchly's test of sphericity (Mauchly, 1940 ) indicated a violation of the assumption of sphericity. In addition, we report partial eta squared and r-values as effect sizes for the ANOVAs and t-tests, respectively.
Results
Theta band
Analyses revealed a main effect of CONDITION, F(2, 70)¼ 9.43, po .001, η p 2 ¼.17, which was due to "random" (R) videos eliciting less theta TRS than "goal-directed" (GD) and "Theory of Mind" (ToM) videos (R vs. GD: t (35) 
Alpha band
Analyses of the alpha band also revealed a main effect of condition analysis of the effects showed that the "mocking" (ToM) and the "fighting" (GD) videos elicited less alpha TRD than did the "surprise" (ToM) and the "leading" (GD) videos, respectively ("mocking" (ToM) vs. "surprise" (ToM): t(35)¼3.11, p¼ .002, r ¼.47; "fighting" (GD) vs. "leading" (GD): t(35)¼2.24, p¼ .016, r ¼.35).
Please also see Fig. 3 for a visualization of the results. For the results of the across-condition comparisons please see Supplementary material.
Beta band
Also in the beta band, the ANOVA revealed an effect of CON-DITION, F(2, 70)¼ 4.52, p ¼.014, η p 2 ¼.11. This was due to the "goaldirected" and the ToM condition giving rise to less desynchronization than the "random" condition (GD vs. R: t(35)¼3.09, p¼ .002, r ¼ .46; ToM vs. R: t(35)¼1.57, p o.06, r ¼ .26, marginally significant effect). The second ANOVA also yielded a significant effect of VIDEO: F(5, 175) ¼7.94, p o.001, η p 2 ¼ .18. Post-hoc tests revealed an incoherent picture with significant differences between all pairs of videos from the same condition. For the ToM videos, the "surprise" video elicited stronger TRD than the "mocking" video (t(35)¼ À4.42, p o.001, r ¼.60) and for the GD videos, the "leading" video elicited stronger TRD than the "fighting" (t(35) ¼ À2.28, p ¼.001, r ¼.36) video. The comparison of the two R videos indicated that the "star" video elicited stronger TRD than the "billiards" video (t(35) ¼ À1.8, p ¼.04, r ¼.29, marginally significant effect). Please see Fig. 4 for a visualization of the results. For the results of the across-condition comparisons please see Supplementary material.
Gamma band
Analyses of gamma band oscillations did not indicate a main effect of CONDITION or VIDEO. The second ANOVA also revealed significant differences between the six videos: χ 2 (5)¼ 175.28, po .001 (also see Supplementary   Fig. 1 ). All but the comparisons between the "leading" (GD) and the "mocking" (ToM) and the "surprise" (ToM) video indicated significant differences between the intentionality scores (all test statistics: U4 2.65, p o.01). For the DIFFICULTY ratings, the Friedman-ANOVA indicated a Table 2 ). Posthoc Wilcoxon tests, however, did not reveal significant differences. There were no significant differences between the CERTAINTY ratings between the different videos and conditions.
Discussion
The majority of studies that have investigated the neural underpinnings of "mind-reading" or ToM processes have employed functional neuroimaging techniques (PET, fMRI) and verbal tasks. We propose that the use of EEG instead of functional imaging is advantageous for two reasons. First, links between oscillatory responses and basic cognitive processes related to attention and memory are well-established (Başar et al., 2001a (Başar et al., , 2001b Fingelkurts and Fingelkurts, 2010; Klimesch, 1999b) . Thus, their analysis allows for functional interpretations regarding the involvement of basic cognitive processes in social cognition, which, in turn, should reflect the level of complexity of social interactions. The analysis of oscillatory responses could thus contribute to a deconstruction of ToM and more generally social cognition into basic component processes as has recently been asked for by Schaafsma et al. (2015) .
In the theta, alpha and beta bands, videos showing social interactions (ToM and GD videos) differed distinctly from random (R) videos regarding the TRD/TRS values their observation elicited. No differential effects were evident in the gamma range.
Although we did not find a ToM-specific effect in the theta, alpha and beta band, we were able to differentiate consistently between videos inducing (ToM and GD videos) vs. not inducing (R videos) social cognitive processes based on their TRD/TRS patterns. The theta effects we report are well in line with earlier studies, which established links between theta synchronization and topdown directed attention (Deiber et al., 2009; Missonnier et al., 2006a; Sauseng et al., 2007; Weiss et al., 2000) as well as working and episodic long-term memory processes (Doppelmayr , 1998; Klimesch, 1999a; Krause et al., 2000; Missonnier et al., 2006b ). Regarding basic cognitive processes, this suggests that theta results reflect the increased demand regarding attention and working memory resources during observation of videos showing social interactions. This increased demand, which has also been shown in studies using eye-tracking measures (Klein et al., 2009; Roux et al., 2012; Zwickel et al., 2011 ) is assumed to arise from more complex integration processes: GD and ToM but not R videos require the integration of movement observation and movement interpretation and ToM videos additionally require the integration of mental state knowledge. Secondly, this may also suggest that videos showing social interactions may automatically activate episodic memory traces, which the observed interactions are compared to in order to facilitate their interpretation.
However, the two videos of each category were not always processed alike. This may generally be desirable to cover a range of different social situations and thus to allow for generalizations. In the theta band, differences between videos of the same category were evident for the two ToM videos. Contrasting our expectations, the "surprise" (ToM) video did not elicit theta TRS as the "mocking" (ToM) video did and the effect was not distinct from random videos. To test if differences in the perception and interpretation may have been the reason for this result, we conducted an additional (post-hoc) online study. In line with results reported in previous studies (Castelli et al., 2000; Klein et al., 2009; Zwickel et al., 2011) , videos of the three conditions significantly differed regarding the intentionality that was ascribed to the triangles' movements (see Supplementary Fig. 1 ). Comparisons of ratings for the ToM videos revealed that they significantly differed with the "surprise" video, however, even scoring higher on the intentionality scale than the "mocking" video. The perceived intentionality does therefore not offer a viable explanation for the theta TRS differences found. An alternative explanation for the deviating response to the "surprise" (ToM) video might be that this was the only video in which one triangle bent. While this behavior gave the impression of the triangle sticking its head out of the door and peeking around the corner, it may have violated the observers' (physical) expectations as a solid shape should not be able to bend. Indeed, frontal theta TRS has been linked to general evaluation mechanisms and specifically the detection of errors in a variety of tasks (Cavanagh et al., 2010; Berger, 2007, 2009) . More specifically, the literature suggests that the link between theta TRS and error detection is a positive one with stronger violations being associated with stronger synchronization. However, for the "surprise" (ToM) video, we found that theta TRS was actually decreased compared to videos, where no violation of physical expectations occurred (e.g. the "mocking" (ToM) and "leading" (GD) videos). Therefore, the violation of expectations does not offer a satisfying explanation for the deviating response to the "surprise" (ToM) video either.
Effects of video presentations on alpha TRD are somewhat surprising given earlier findings that suggest a positive correlation between the amount of alpha TRD and basic cognitive processes related to attention (Klimesch, 1999a; Ray and Cole, 1985) and short-as well as long-term memory processes (Başar et al., 1997; Klimesch, 1997; Klimesch et al., 1994) . We found stronger alpha desynchronization for random compared to GD and ToM videos while -as in the theta band -there was no difference between GD and ToM videos. With regard to our hypothesis and the literature, this suggests that more attentional resources were allocated to less complex videos and memory processes were more active during processing of random videos compared to videos showing social interactions (GD and ToM). One possible explanation for this finding may be that while watching random videos, participants constantly kept looking for a meaningful pattern in the triangles' movements. Although this may have happened unconsciously, analyses of the post-hoc study challenge the validity of this explanation. They revealed that even when participants watched the videos for the first time, time until recognition was shorter for random than for ToM videos with GD videos being characterized by intermediate recognition times (see Supplementary Table 1) . Moreover, when seeing the videos for the second and third time in the original study, participants probably immediately recognized what the video was about. Another explanation might be related to the inhibitiontiming hypothesis proposed by Klimesch et al. (2007) . This hypothesis proposes that synchronization in the alpha band reflects an inhibitory control process while desynchronization reflects the release of inhibition. In the present study, we found that alpha desynchronized to a lesser extent to more complex (GD and ToM) videos, which, according to this hypothesis, may suggest relatively stronger inhibitory processes for videos showing social interactions compared to R videos. It may even be possible that R videos did elicit alpha TRS compared to baseline intervals preceding the video, although the chosen common baseline precludes a definite answer. Decety (2001, 2004) have previously argued that perspective-taking, i.e. adopting the third person perspective, requires suppression of the self-perspective, which they consider to be the predominant or "default" one. This idea is especially interesting with regard to the simulation-based explanation of ToM, which assumes that one has to simulate other people's mental states to understand them (Gallese and Goldman, 1998; Gordon, 1986; Ruby and Decety, 2001) . Taking into account Ruby and Decety's findings, one could speculate that also in our study understanding of social processes in the GD and ToM videos may have been facilitated by inhibition of self-centered processing reflected by decreased alpha TRD.
Also in the alpha band, not all videos of one condition were processed similarly. Again, the two videos of the ToM condition differed significantly regarding the amount of alpha TRD they elicited with the "surprise" video eliciting stronger TRD than the "mocking" video. Additionally, also the two videos from the GD category differed with the "leading" video giving rise to stronger desynchronization than the "fighting" video. Taking a closer look at the emotional content of the videos reveals two subcategories that differ with regard to the emotional load: the emotionally rather neutral "leading" (GD) and "surprise" (ToM) videos and the "fighting" (GD) and "mocking" (ToM) videos that rather trigger the attribution of emotional states. Admittedly, one may argue that if one triangle surprises the other, this may also lead participants to attribute putative (positive) inner states to the triangles. However, the inspection of participants' descriptions in the online study revealed that the rather neutral hiding aspect in the video was a lot more pronounced than the actual surprise aspect. In this context, the processing of the "fighting" (GD) and "mocking" (ToM) videos, in contrast to the "leading" (GD) and "surprise" (ToM) videos, may thus have required the simulation and integration of emotional processes in addition to physical and goal knowledge. With regard to the inhibition-related explanation of the alpha effects, this may suggest that the videos from the emotional subcategory triggered stronger simulation processes or perspective taking than the "leading" video thus requiring stronger inhibition of self-centered processing.
Also in the beta band we were able to differentiate between random videos and videos depicting social interactions (GD and ToM videos) with the R category giving rise to stronger beta desynchronization. Findings in the literature establish a strong link between working memory load and beta synchronization (cf. Gola et al., 2013; Güntekin et al., 2013; Ray and Cole, 1985) whereas, in our study beta desynchronized. Interestingly, beta desynchronization as well as suppression of beta synchronization above central areas has been shown to take place during action observation (Hari et al., 1998; Orgs et al., 2008; Rossi et al., 2002) of aimless (Babiloni et al., 2002) , simple but goal-directed as well as more complex movements (Rossi et al., 2002) . In addition, these findings have also been discussed in relation to the mirror neuron system (Gallese and Goldman, 1998; Hari et al., 1998; Rossi et al., 2002) , which has been proposed to play an important role in ToM processes (Gallese and Goldman, 1998; Muthukumaraswamy et al., 2004) . It thus seems plausible that the strong beta TRD we observed in response to all videos is due to the observation of actions and differences between the video categories reflect differences in the triangles' actions. Indeed, an evaluation of the amount of motion each condition contained by means of the sum of squared intensity differences (SSID, for details see Supplementary material) indicated that random videos contained relatively more motion than goal-directed and ToM videos. Of course, the cited studies investigated changes in the EEG during observation of human motion whereas the videos we employed were only designed to trigger the attribution of human characteristics to simple geometric shapes. The lack of studies addressing the question what characteristics stimuli must have in order for the beta TRD during movement observation to occur, for now precludes a definite interpretation of the results. Yet, this being related to the question, to what extent the mirror neuron system is able to "abstract", raises an interesting question for further studies. In this context, it is also interesting to note that robust generalization effects have previously been shown for example for the fusiform face area (FFA), which besides human faces also responds to cats' and simple cartoon faces, that is any stimulus configuration resembling natural faces with nose and eye-like features (Tong et al., 2000) .
In conclusion, oscillatory responses in the theta, alpha and beta range differentiated between videos depicting "social" interactions (GD and ToM) and videos that do not (i.e. random videos). We reasoned that as more complex stimuli (i.e. GD and ToM videos) require more complex integration processes, this would also affect basic cognitive processes such as attention and working-memory. These processes should in turn be mirrored by the oscillatory activity in different frequency bands. Theta band results suggest that indeed more complex videos were more demanding regarding these basic cognitive processes. Moreover, videos showing social interactions may also have activated episodic memory traces automatically. We speculate that alpha oscillations, in this paradigm, may rather be related to inhibitory than working-memory and attentional processes. These inhibitory processes could have facilitated the understanding of social interactions by inhibition of self-centered processing. Finally, beta oscillations, generally could to be related to the observation of actions as well as the involvement of the mirror neuron system in the video task employed.
In summary, the results we report shed light on basic cognitive processes involved in social cognitive processes of different complexity. Ultimately, we propose that the non-verbal Frith-Happé animations may be attractive for studying social cognition in populations that lack the necessary verbal abilities required by other speech-based paradigms. Specifically, they could be useful for research on social cognition in young children or certain voiceless neurological patients suffering from e.g. aphasia or disorders of consciousness (DOC). Here, the use of EEG instead of imaging methods would moreover allow circumventing the potentially unfavorable scanner environment as well as constraints related to the strong magnetic field. The usefulness of the Frith-Happé animations for this purpose needs to be investigated in future studies.
